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(54) Pharmaceutical composition comprisins a polynucleotide and an antigen especially for 
vaccination 

(57) The invention discloses a pharmaceutical com- 
position comprising at least one fragment of a polynu- 
cleotide and at least one antigen, especially for the 
preparation of a vaccine. 
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Description introduction of short nucleotide 

„ is kna«n from the pr^ f ^'^^^250 (1990), p. 997-250]. Kneg et J^atue «. v ^ 

d^xynucleotWes comain.ng unmethylated Cpc, ^^^^^ 
noglobulin in vitro and .n vivo. surprisingly found ^^^"^^J^ other DNA sequences 

Z^^sts^eisr^^^^^^ 

saJ^nfiTaTs^^-^^^ 

is kno«.n that cells of the .mmune s^^^ 

20 ation events which confer upon ^^er" ^l^^ differentiation and ^^ucaton events «e t g y ^^^^ 

Sminating between self versus JJ""^ J J^^^ ^.^n^iuction and the m.l^u 0^ juto^^"^^;^,^ as the thymus, 
suHace receptor engagernert >«a ^^^^^^^J^ ^ell to cell '^^f'^^'^^^'^Tc^^r^ '"P"* ^^^'^^ "'i 
soluble ligands, typ-cally f^**"^;" f.^^phery. The system thus balances '^^^^ ^ 57.52, (1989)1. Through 
spleen or lymph -'^^'^£1^^^'^^^-^'^ ^ '^^rre^vtcSlonor cytoWne^^^^^^ 

25 ulate cellular proliferation, d'«er^^^ .^nipulated, namely enhanced, e.g. 

outside intervention the -^muna sys^^m can d characterized and most 

or suppressed, e.g. drug 2^^' of s^eral interacting ilS/eHrJibodies, proteins which 

Z immune system of ver f r^^^ branches. ""'^'"i^eTJSntrast^^^^ on spe- 

the host's somatic cells or on tt'^^"™^' ° ytosed exogenous antigens^ B cells, in 

synthesized within cellsorder-vedfromjag^^ ^^^'^"^.5^ *!Sfin^rtSe antigen directly (neu- 

3S ' Antibody molecules, tl^ ^^o^s^ J"^^ 

response to antigen, ^-^^J^^^^^^a the immune system to desUoy t^e ^;^en dep ^ 
tratong antibodies) or activate other ce^ o ^ „,„eu. Abrw^nam.^ autoimmunity. 

^1, ic. isotype class f^^^^^d^o suboptimal immune 'f^'"^^^";^^,;^^^^^ celtedo not recog- 

rSeptor engagement or <=y°^"%"^;fj.,^i'; a special dass of lymphori cells, J^^„f,a surface of the anti- 
« Cellularimmunerecogn.t«n.sm«jated^^ IP^^ ^^^^^^^^^ molecules. Two 

" nizewf^oleantigensbutinsteadr^^d od^^^^^ ^'T^'^^ MHC?»s • Imole^^ 

gen presenting cells '^"^^^.^"J'^is'^^ecognize peptide fragmert^^^ 

subgroups of T cells exKt, the CD4 T '^^^ ^ molecules. CD8 T ce Is "^"f J ^ J^iggg , molecules. It « 
re«gn-«e pept«e f ^J- J J^^^^^^ cells. Essential^ all ^^^^^afp^^^^mal cellular mefabo- 
« cells (CTL) able to specK^IWIyse^^^^^^^^^ Th,sthe cellular 

believed that proteins produced withKi ^ ^^^^ ^^L*^"J^lfcl in tSe body and is poised to elim.- 
,ism. These fragments are bound to^^^^^ 

immune system is ^^^^'^^^J^^'^^.^ abnormal self antigens. CD4 T as peptide fragment on 

nate any cells producing foreign a-^'S^""' J, ^^rein the antigen is degraded a^^P^ Jgnses by release of 
so S'efe taKen up by ^-^j^e^^Xf:^^^^^^^^ - pri-riiy regulajon °f ^ TH1 arj 

::^r^=trc.^^^^^ 

r2c.ls.«isb.ievedthatin^ 

class activated (THt vs. TH2)crrtK^ Y ^^.^^ „ an ant-9«^ ^oid cells as well. During 

„ Vaccination is the process of P^8''"9 ^ cytotoxic T cells but other ^VP^"* '^"^^itjon the population of 



2 



EP 0 855 184 A1 



ID 



IS 



20 



25 



f^mm 



30 



35 



3 



E P 0 855 184 A1 



correspondingtotheb.nd.ngste^^^^^^ „,ediated by several spec»ic 

uanscription of all S^^^^^J^X^stTeJ^'no^^^^ ""^"'^ So?^^Ts i Sect to the 
motives there are ohen famil.es otreiai .hps for transcription factors of 

meaning of pyrimWine arvl compnses cytosine, thy 

vnro anu m vi . ^-.rrtr^l nf tumor. 
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vitro and in vivo, m y*=' «mwu.^. . . 

immune system tolerance and control of tumor. 
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andthus irxJucetransplantatK^ toleran^e^DN ^,^,cleolide8 applied together 

responses as rt is the case ' eJn, invention preferably •^'^"^^'"'^""rfj^ developed. 

« then1ilter-extrudedlhrougha0.2^.gAnotoplo , 50 uloer foot of peptide liposome 

presents ovalbumnp^^^^^^^^^^ kill. 

The invention IS furtherillustratea.nl .;„;^«d with the antigen 

duetotheadjuvant. AP-l.btavo/D,o . 
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1 are binding sites for transcription factors. 

Figure 2 shows a summary of cytolytic T cell assay, different sequences were tested. In vivo induced CTL tested 
for specific antigen recognition. Data are expressed as lytic units. A lytic unit is arbitrarily defined as the number of 
5 lymphocytes required to yield 30% specific lysis. The number is the lytic units per 10^ effector cells. Lytic units are 
a way to conpare cytolytic T cell populations. 

Figure 3 shows antibody production by ssDNA adjuvants post injection. Endpoint antibody titer assay: Mice were 
injected with the antigen ovalbumin entrapped in liposomes using either no adjuvant or a TRE adjuvant The mice 
w were boosted once. The assay indicates a strong adjuvant effect for the enhancement of antibody production in 
response to injected antigen. The adjuvant -assisted increase in response is particularly strong for lgG2a and 
lgG2b. Of note is the differential induction of antibody isotype dependent on the adjuvant used indicating differential 
cytokine release. 

15 Figure 4 shows cytokine induction in vivo with transcription response element ssDNA adjuvant CRE. The cytokine 
release pattern induced by the transcription response element CRE. Mice were injected with the ssDNA and at the 
indicated time serum was sampled and cytokine release measured. 

Figure 5 shows phenotype changes (IL-2 receptor expression) of B and T cells in vivo with different transcription 
20 response element ssDNA adjuvants. Analysis of a relevant cell surface marker after treatment vkfith ssDNA. The !L- 

2 receptor binds and transduces a proliferation signal from lL-2 to cells of the immune system. The TRE (transcrip- 
tion regulatory elements) sequences vary in their simulatory capacity for inducing 1-2 receptor expression. Some 
TRE are inhibitory indicating a potential use for negative immunmodulation. 

25 Figure 6 shows tunror regression and control with ssDNA. ssDNA induces regression of prexistant tumor. Mice 
were injected with tumorigenic numbers of a syngenic tumor cell. Four days after the challenge the mice were 
treated with ssDNA alone or ssDNA plus a subtumorigenic number of tumor cells, which served as an antigen 
source. The progression of tumor growth was significantly controlled. Five mice were included per group. 

30 EXAMPLE 1 

Bacterially derived sequences can be used as an adjuvant for cytolytic T cell activation in vivo. 

Three sequences containing the sequence motif of 5"Pu-Pu-CpG-Py-Py-3' are described in the literature for having 
immunostimulating properties. One sequence is derived from the ampicillin resistance gene of E. coti, here termed 
35 AMP (TCATTGGAA^AGenCTTCGGGGC). The second sequence is derived for a BCG gene and is termed BCG- 
A4A (ACCGATGACGTCGCCGGTGACGGCACCACG). The third is a synthetic sequence Claimed to be a prototype of 
bacterial CpG sequences, referred to by Krieg etal. as 1668 (TCCAT GACGTT CCTGATGCT). These sequences were 
synthesized to include a phosphorolhioate linkage to reduce destruction by DNase. These oligomers served as an adju- 
vant in combination with ovalbumin to induce a cytolytic T cell response. 

40 

EXAMPLE 2 

Bacterial CpG containing sequences nr^y be toxic. 

We observed that the above-described oligomers could fc)e highly, toxic in vivo for mice sensitive to TNF-a. The 
45 1668 oligomer was previously described by Krieg and co-workers for its ability to induce murine 6 cell proliferation, 
induce IL-6 release from B cells and induce INF-y release from B cells and induce IFN-y release from NK1.1 cells . We 
found in addition that 1668 and AMP were highly lethal in mice sensitized to the effects of TNF-a (Table 1). However, 
under certain circumstances these sequences may be useful therapeutically. One could foresee the use of these 
sequences once the risk is properly asessed. 

so 



TABLE 1 



Death due to lethal shock 


1668 + D-gal 


5/5 


1668 + LPS 


3/3 


AMP + LPS 


2A3 
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TABLE 1 (continued) 



Death due to lethal shock 



Control 



0/3 



Ratios mice killed/mice injected 



For lethal shock, 6alb/c mice were injected intraperitoneally with 10 nmoi 1668 in 200 ^it PBS plus 20 mg D-gatac- 
tosamine in 200 \jI PBS. Atter natively mice were injected intravenously with 10 nmol 1668, AMP or PBS followed at tour 
to hours with 50 LPS. 

EXAMPLE 3 

Use of eukaryotic transcription regulatory elements or sequence manipulation prevents toxic shock symptoms. 

IS Due to toxicity, the need is established fcx the discovery of non-toxic sequences for safe human and animal use. 
Since toxicity is at issue when developing vaccine adjuvants and therapeutics, we were interested to develop oligomers 
that circumvented toxicity but retained immunostimulatory properties. We screened eukaryotic sequences displaying 
the absence of lethality but maintaining immunostimulatory qualities. One such sequence was the cyclic AMP response 
element (CRE) which is the consensus binding site for the transcription factors CREB/ATF as well as the AP-1 family, 

20 sequence (GATTGCCTGACGTCAGAGAG) [Roesler, W. J. et a!., J. Biol. Chem. 263, 9063-9066 (1 988)1, Table 2 dem- 
onstrates the loss of lethality of the CRE sequence. To further evaluate the sequence specificity of these effects we 
made sequence exchanges between CRE and 1668. An exchange of only two nucleotides between CRE and 1668 
resulted in a loss of lethality (Table 2). 

25 ______ 

Table 2 Sequences of oligomers and death due to lethal shock 
a 

166 8 TCCA TGACGTTC CTGATGCT 

30 CRE ATTGCC TGACGTCA GAGAGC 

1 6 6 8 -CA TCCA TGACGTCA CTGATGCT 

CRE-TC ATTGC CTGACGTTC GAGAGC 

b 

35 1668 5/5 

CRE 0/5 

1668-CA 0/3 

CRE-TC 3/3 

40 



Lethality was determinined as in example 2. The 1668 sequence fortuitously contains a combination transaiption 
response elements, that transcription factor binding sites (TGACGTTCC). This element represents the binding site for 

45 HSVIP04 (ATF), HSINS04 (CREB half site), CAMV35SR03 (HBP-1a yeast) or ADE422 (AP-I) in combination with an 
HSIL606 site which is a repressor site (sequence analysis from EMBL database Heidelberg). This sequence can be 
found in the 5' non-coding regions (promoters) of several eukaryotic cytokine genes including human IL-13 promoter 
and 11-12 p40 intron 1. The CRE sequence contains all the response elements cited above except for HSIL606 and it 
contains the full CRE pallindromic sequence (TGACGTCA). In accordances with the invention, the CRE sequence did 

so not induce death and changes in the 1 668 eliminate toxicity. 

TNF-a release is a hallmark of lethal toxic shock [Tracey, K, J. et al., Science 234, 470-474 (1986), Tracey. K. J. et 
al. Nature 330, 662-664 (1987)). 

An exchange of only two nucleotides between CRE and 1668 resulted in a loss of macrophage induced TNF-a 
release activity, the sequence is given in Table 2. The reported 6-mer active core sequence of 1668 contains the CpG 

55 flanked by two 5' purines and two 3' pyrimidines and the exchange of CA for TC does not affect this motif, however, TNF- 
a release was severely diminished. Thus the broader core 8-mer sequence or the transcription response element and 
not the surrounding sequence environment was responsible tor these effects. In accordance with the invention, when 
utilizing macrophage derived TNF-a release as a marker, the 5'Pu-Pu-CpG-Py-Py-3' motif was not satisfactory for pre- 
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dieting oligomer activity or toxicity. Additionally, in contrast to 1668, CRE did not induce IL-6 release in vivo or from the 
ANA-1 cell line in vrtro. 

EXAMPLE 4 

5 

ssDNA containing transcription response elements (TRE) serve as adjuvant for antibody production. 

In accordance with the invention, eukaryotic transcription response elements relevant to the immune system serve 
as immune adjuvant. To test the adjuvant qualities of different sequences we injected mice with either free ovalbumin 
plus oligomer or lip>osome encapsulated ovalbumin plus oligomer. The mice were boosted at day 14 and after one week 
10 ovalbumin specific endpoint antibody titers were determined in an isotype specific ELISA. 

Figure 3 shows that different sequences strongly potentiated the antibody response arKi induced dass switching 
toward IgGi, lgG2a and lgQ2b. 

Liposomes containing ovalbumin were prepared as described above. For antibody induction, 300 hq ovalbumin in 
PBS or liposomes containing ovalbumin were injected +/- 10 nmol oligomer in the hind footpads of C57/B6 mice. A 
IS boost of the like inoculum was given at two weeks and one week later Wood was extracted for serum antibody titering. 

EXAMPLE 5 

In accordance with the invention, ssDNA containing transcription response elements serve as adjuvant for cellular 
20 immunity. 

We have described the use of liposomes in combination with Quil A or QS-21 to induce cytolytic T cells (CTL) to 
either soluble antigen or peptides [Lipford, G. B.. Wagner. H. & Heeg. K., Vaccine 12, 73-80 (1994), Upford. G. B. et al.. 
J. Immunol. 150, 1212-1222 (1993)]. Liposome entrapped antigen alone was an ineffective inducer of CTL activity, but 
with the addition of immunostimulatay saponins the inoculum became effective. To test the in vivo T cell immunomod- 

25 ulatory potential of oligomers we utilized this vehicle to demonstrate primary activation of CTL. Figure 1 shows a sub- 
stantial primary CTL response induced by an inoculum of ovalbumin liposomes plus ssDNA matching transcription 
response elements. The lytic units value interpolated from these curves was approximately 500 LU. as compared to 
<20 LU. for ovalbumin liposomes only (Table 3). CTL memory, an important quality for vaccine protection, could also 
be denDonstrated with these inoculum. If mice were rested tor two weeks after the first injection and reinjected with the 

30 same inoculum, CRE recalled CTL displaying lytic units measured at approxinr^ately 1500 LU. (Table 3). Additional, 
when the inoculum was formulated with the immunodominant restricted ovalbumin peptide SlINFEKL, the oligomers 
induced a specific primary CTL response. Thus oligomers serve as a strong in vivo stimulus resulting in T cell activation 
and the proliferation of antigen specific CTL effectors. The inoculum can contain protein or peptide as the target anti- 
gen. 

35 



Tables 



Cytolytic T cell response induced by oli- 


gomer in lytic units 






CRE 


PBS 


Primary CTL 


526 LU. 


<20 L.U. 


Secondary CTL 


1555 LU. 


<20 L.U. 



45 

Several other sequences have been determined to have immunomodulatory effects. Table 4 list tested eukaryotic 
transcription response elements (TRE), which are preferably used in the present invention. 



Table 4 


Sequences of eukaryotic TRE tested 


CRE 


GATTGCCTGACGTCAGAGAG 


IL-13 


GGAATGACGTTCCCTGTG 


IL.12p40 


AGCTATGACGTTCCAAGG 


AP-1 


GCTTGAESACEIAGCCGGAA 
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Table 4 (continued) 



Sequences of eukaryotic TRE tested 


SP1 


TCGATCGGGGCGGGGCGAGC 


C/EBP 


TGCAGATTGCGCAATCTGCA 


EGR 


AeccKseeeceAGose^ 


GAS/ISRE 


TACTTTCAerfTCATATTACTCTA 


SIE 


GTCCATTTCCCGTAAATCTT 


STATI 


TATGCATATTCCTGTAAGTG 


STATS 


GATCCTTCTGGGAATTCCTA 


STAT4 


CTGATTTCCCCCAAATGATG 


STAT5 


AGATTTCTAeeAAnCAATC 


STAT5/6 


GTATTTCCCAGAAAAGGAAC 


IRF-1 


AAGCGAAAATGAAATTGACT 


c-Myb 


CAGGCATAACGGTTCCGTAG 


NFkB 


ATATAGGGGAAATTTCCAGC 


HSINF 


CAAAAAAATTTCCAGTCCTT 


HSIL-6 


ATGTTnCCTGCGTTGCCAG 


CRENFkB 


CTCTeACeTCAGGeeAAATTTCCAGC 



The relative strength of the various transcription response elements for adjuvant potential for CTL induction can be 
seen in f ig. 2. 

3D 

Example 6 

(n accordance with the invention, ssDNA containing transcription response elements induce cytokine release in 

vivo. 

35 Mice were injected with formulations containing different oligomers plus liposome or liposomes containing 300 ^ig 
ovalbumin. Serum was collected at various times and analyzed for serum cytokine levels by specific ELISA. 

In addition T cells produce IL-2 in response to ssDNA. Thus in accordance with the invention, cytokine release pat- 
terns are sequence dependent and thus the eukaryotic transcription response element used influences the cytokine 
release outcome and thus biological effect. This aspect of the invention is highly relevant, because cytokine release pat- 

40 terns can be influenced by different transcription response elements. ssDNA can be used to induce cytokine release in 
vivo to produce a desired outcome. This outcome could be to produce immune enhancement or immune suppression. 

In accordance virith the invention, ssDNA containing transcription response elements can break tolerance in T cells. 
It can be demonstrated that T cells induced to become tolerant (that is non-response to antigen signals) in vivo by SEB 
injection break tolerance if ssDNA is injected up to seven days post tolerance induction. This finding has relevance for 

45 the development of specific modulations for desired biological outcome. It can be foreseen that ssDNA can be used to 
elevate the immune response of immunocompromised patients. 

EXAMPLE 7 

50 In accordance with the invention, ssDNA containing transcription response elements induce co-receptor and sur- 
face receptor change on B and T cells. Tliis finding has relevance for the development of specific modulations tor 
desired biological outcome. 

Mouse spleen cells were harvested and cultured 24 hours in the presence of the list eukaryotic TRE. Cell surface 
markers were measured on T or B cell by FACS analysis. 
55 Some of the transcription response elements have a positive effect and some have a negative effect. Both outcome 
are of potential use. If immune enhancement is desired a sequence inducing a given cell surface marker would be of 
use. If immune suppression is desired a sequence suppressing a given cell surface marker would be of use. 
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EXAMPLE 8 

In accordance with the invention. ssDNA containing transcription response elements can induce tumor control or 
regression. 

Figure 6 demonstrates that mice challenged with tumor cells progress rapidly to display measurable subcutaneous 
tumor. These tumor are lethal. If ssDNA is injected four days post challenge the tumor regress or show retarded rates 
of growth. In addition if celts are provided as antigen the same observation is made. 

SEQUENCE LI$,TlNe 



(1) GENERAL INFORMATION: 

APPLICANT: 

(A) NAME: Lipf ord/Wagner/Heeg 

(B) STREET: 

(C) CITY: 

(E) COUNTRY: Germany 

(F) POSTAL CODE (ZIP): 81675 

TITLE OF INVENTION: 

Pharmaceutical composition comprising 
a polynucleotide and an antigen 
especially for vaccination 

NUMBER OF SEQUENCES: 28 

COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PADAT Sequenzmodul , Version 1.0 
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(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Protein 
(V) FRAGMENT TYPE: internal 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
RRCGYC 



(.2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TCATTGGAAA ACGTTCTTCG GGGC 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
ACCGATGACG TCGCCGGTGA CGGCACCACG 



EP0 855 184A1 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DMA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCCATGACGT TCCTGATGCT 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
[h] TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TCCATGACGT TCCTGATGCT 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
ATTGCCTGAC GTCAGAGAGC 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE! nucleic acid 

(C) STRANDEDNESS! single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TCCATGACGT CACTGATGCT 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8; 
ATTGCCTGAC GTTCGAGAGC 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GATTGCCTGA CGTCAGAGAG 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GGAATGACGT TCCCTGTG 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
AGCTATGACG TTCCAAGG 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GCTTGATGAC TCAGCCGGAA ' 20 



50 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 bas pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
TCGATCGGGG CGGGGCGAGC 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TGCAGATTGC GCAATCTGCA 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AGCGGGGGCG AGCGGGGGCG 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TACTTTCAGT TTCATATTAC TCTA 



(2)* INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GTCCATTTCC CGTAAATCTT 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; Genomic DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TATGCATATT CCTGTAAGTG 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRAHDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GATCCTTCTG GGAATTCCTA 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
CTGATTTCCC CGAAATGATG 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
AGATTTCTAG GAATTCAATC 
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(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEOUENCE CHARACTERISTICS: 

(A) LENGTH; 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTATTTCCCA GAAAAGGAAC 



(2) INFORMATION FOR SEQ ID NOs.23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
AAGCGAAAAT GAAATTGACT 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
CAGGCATAAC GGTTCCGTAG 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
ATATAGGGGA AATTTCCAGC 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CAAAAAAATT TCCAGTCCTT 



(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
ATGTTTTCCT GCGTTGCCAG 
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(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
CTCTGACGTC AGGGGAAATT TCCAGC 



Claims 

1 . Pharmaceutical composition comprising 

a) at least one fragment of a polynucleotide and 

b) at least one antigen. 

2. Pharmaceutical composition according to claim 1 characterized in that the polynucleotide is a DNA oligonucleotide. 

3. Pharmaceutical composition according to daim 2 characterized in that the DNA oligonucleotide is single stranded. 

4. Pharmaceutical comjDOSition according to any of claims 1 -3 characterized in that the polynucleotide has 5-40 nucle- 
otides. 

5. Pharmaceutical composition according to claim 4 characterized in that the polynucleotide has 1 5-25 nucleotides. 

6. Pharmaceutical composition according to any of claims 1-5 characterized In that the polynucleotide (a) comprises 
the sequence of a binding site for transcription factors or a part thereof or the sequence of the polynucleotide is 
complementary to said binding site for transcription factors or a part thereof. 

7. Pharmaceutical composition according to claims 1-5 characterized in that the polynucleotide comprises the 
sequence 

5'PuPuCGPyC 

wherein Pu means purine and comprises adenine and guanine and Py has the meaning of pyrimidine and com- 
prises cytosine, thymine and uracil and wherein A means adenine, C means cytosine and G means guanine. 

8. Pharmaceutical composition according to any of claims 1-7 characterized in that the polynucleotide comprises at 
least one phosphorothioate linkage. 

9. Pharmaceutical composition according to any off the preceding claims characterized in that it comprises a further 
adjuvant. 

10. Pharmaceutical composition according to any of the preceding claims characterized in that the antigen (b) is 
selected from the group comprising peptides, polypeptides, proteins, polysaccharides, steroides and tumor cells. 

1 1 . Pharmaceutical composition according to any of the preceding claims characterized in that the composition is a 
vaccine. 

12. Pharmaceutical composition according to claim 1 1 characterized in that the vaccine is used for the treatment of 
cancer. 
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13. Pharmaceutical composition according to claim 11 characterized in that the vaccine is used for the prophylaxis 
and/or treatment of pathogen microorganisms. 

14. Use of a polynucleotide for the preparation of a pharmaceutical conpositon for the modulation of immune 
response. 

1 5. Use according to claim 1 4 wherein the modulation is a vaccination. 

16. Use according to claim 14 wherein the modulation is selected from the group break of tolerance, regulation of 
TH1/rH2 helper cell responses, switch of Ig classes, treatment of autoimmune responses and induction of toler- 
ances. 
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Fig. 4 



CRE: In Vivo Cytokine Induction 
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% positive cells: Fold increase over Control 
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